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Abstract
In order to identify the potential sources of natural polyphenols and free radical scavenging activities,  the edible seeds 
of methanolic extracts of Ocimum sanctum seed were studied for total phenolic and flavonoid contents, scavenging of 
free radicals of DPPH, Nitric oxide, super oxide, hydroxyl and hydrogen per oxide. Polyphenol and flavonoid content were 
observed sufficient amount in ocimum sanctum seed. The DPPH inhibitory and Nitric Oxide (NO) radical scavenging 
activities measured in-terms of their IC50 was 63.18µg/ml and 138.88µg/ml respectively. Other radicals like superoxide, 
hydroxyl and hydrogen peroxide scavenging activities were measured in-terms of IC50 value of 53.73µg/ml, 50.70µg/ml 
and 52.56µg/ml respectively.
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1. Introduction

Chemically Reactive Oxygen Species (ROS) 
produced through various physiological and biochemical 
metabolism are capable of damaging the tissues and 
reducing the function of a number of organs [1]. These 
radicals brings oxidative stress which lead to non-
communicable diseases such as diabetes, atherosclerosis, 
neuro degeneration, aging and immunosuppression [2].

Antioxidants rich extract of several plants tends 
to reduce the stress caused due to free radicals. 
Accumulation of such Reactive Oxygen Species (ROS) 
attack the biological cells and reducing their potential. 
Use of medicinal plants with high level of antioxidant 
constituents have shown to have enormous therapeutic 
benefits [3].

India is an emporium of rich heritage of medicinal 

plants which contributes to prophylactic properties due 
to its antioxidant composition [4], [5].

Ocimum sanctum Linn. (O. sanctum), commonly 
known as Holy Basil or ‘‘Tulsi’’ belonging to the 
family Labiatae (Lamiaceae) has  versatile  therapeutic 
applications in Ayurveda, Siddha, Unani, Greek and 
Roman [6–8].

Besides adding flavour and distinctive aroma to 
food, it is a clinically proven cancer fighter, neuropathy 
healer, anti-inflammatory [9], antioxidant [10], 
immunomodulatory [11], antistress [12], radioprotective 
[13], neuroprotective [14] and anti-microbial properties 
[15–17]. β-carotene is a key component to prevent free 
radical damage [18]. Therefore, the main objective is to 
investigate the antioxidant potential of O. sanctum seed  
and its ability to scavenge the free radicals.
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2. Materials and Methods

2.1 Plant Material 
Dried seeds of O. sanctum were collected locally. 

The plants were identified and authenticated (No:BSI/
SRC/5/23/2013-14/Tech/1040) by Dr. M. Palanisamy, 
Scientist ‘C’- Incharge, Botanical Survey of India (BSI), 
Tamilnadu Agricultural University, Coimbatore.

2.2 Preparation of the Plant Extract
The seeds of O. sanctum (Thulasi) were shade dried, 

powdered and extracted with solvent methanol in soxhlet 
apparatus and it was concentrated to dryness under 
pressure to obtain the dry extracts and stored at 4oC. 100 
g of each powdered seeds were placed in conical flask and 
100 ml of methanol was added and plugged with cotton. 
The powder material was extracted with methanol for 
24 hours at room temperature with continuous stirring. 
After 24 hours the supernatant was collected by filtration 
and the solvent was evaporated to make the crude extract. 
The residues obtained were stored in airtight bottles in a 
refrigerator for further use. 

2.3 Quantitative Phytochemical Analysis
Total phenolics and flavonoids are considered to be 

the most important phytochemicals that are responsible 
for the pharmacological activities. Total phenolic content 
and flavonoids were estimated [19] by using standard 
procedure.

2.4 In vitro Antioxidant Activity
The antioxidant activity of the extract was measured 

on the basis of the scavenging activity of the stable DPPH 
[20] free  radical, nitric oxide radical scavenging method 
[21], super oxide radical scavenging method [22], 
hydroxyl radical scavenging method [23], and hydrogen 
peroxide radical scavenging method [24].

2.5  Calculation of 50% Inhibitory 
Concentration (IC50)

The concentration (mg/ml) of the plant extracts 
required to scavenge 50% of the radicals was calculated 
by using the percentage scavenging activities at seven 
different concentrations of the  extract. Percentage 
inhibition was calculated using the formula

Absorbance of the control - Absorbance of the samplePercentage inhibition = x100
Absorbance of the control

2.6 Statistical Analysis
The antioxidant assays and identified values are 

expressed as means of triplicate analysis of the samples 
(n=3) ± SD.

3. Results and Discussion

3.1 Quantification of Phytochemicals
The quantitative analysis of phytochemicals in the 

methanolic extracts are given in Table 1.

Table1. Quantitative analysis of phytochemicals in meth-
anolic extracts of seed of O. sanctum

Phytochemicals Concentration (µg/ml) Absorbance

Phenolic concentration of 
standard Gallic acid(µg/ml)

2.5 
5 

10 
15 
20 
25

0.021 
0.041 
0.062 
0.082 
0.103 
0.123

Sample O.sanctum seed 13 0.076

Flavonoid concentration of 
standard  Rutin (µg/ml)

10 
20 
40 
60 
89 

100

0.009 
0.018 
0.028 
0.037 
0.047 
0.057

Sample O.sanctum seed 70 0.042

Phenolic compounds in plant materials retard 
the oxidative degradation of lipids and improves the 
nutritional value of food [25]. The methanolic extract 
of O.sanctum seed exhibited the highest total phenolic 
content (13µg/ml) hence confers improved scavenging 
ability. 

Flavonoids had wide range of antibacterial, antiviral, 
anti-inflammatory, anticancer, and anti-allergic activities 
to scavenge singlet oxygen and free radicals implicated in 
several diseases [26], [27]. The concentration of standard 
flavonoids expressed as rutin equivalents, varied from 10 
µg/mL to 100 µg/mL and the absorbance was noted from 
0.009 to 0.057. The amount of total flavonoid compounds 
present in the methanolic extracts of the O. sanctum seed  
was estimated as 70 µg/mL by visible-spectroscopy and its 
absorbance being 0.042. The current study is in par with 
the findings of the earlier literature of plant products that 
suggests that occurrence of phenolic acids and flavonoids 
are contributors of the antioxidant property. 
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3.2 Free Radical Scavenging Activity
3.2.1 DPPH (2, 2-diphenyl-1-picrylhydrazyl) 
Radical Scavenging Activity 

DPPH is widely used as an index to estimate the 
antioxidant potential of medicinal plants. Dose response 
curve of scavenging activity of methanolic extracts of O. 
sanctum seed for radicals of DPPH was perceived and 
shown in Figure 1. Antioxidant activity in the form of 
IC50 values of methanolic extracts of O. sanctum seed was 
calculated and shown in Table 2.

Table 2. DPPH Radical Scavenging Activity
Concentration 

(µg/ml)
Inhibition (I %)

Standard – Ascorbic acid* O. sanctum seed*

50 54±2.6 50±0.8
100 58±0.8 52±0.8
150 62±1.7 57±2.7
200 65±2.4 60±1.2
250 70±2.1 66±1.5
300 75±0.5 70±0.8
350 78±1.7 73±0.4

IC50 value(µg/ml) 03.56 63.18
*Mean ± S.D of three replicates

The highest percentage of scavenging activity on 
DPPH was seen in methanolic extracts of O. sanctum 
seed at 350µg/ml concentration. The IC50 value of the 
methanolic extracts of seed of O. sanctum was 63.18µg /
ml (lower IC50 value indicates higher antioxidant activity). 
The test sample had higher IC50 value compared to the 
standard. It is evident that the percentage inhibition of 
sample was greater than the  standard ascorbic acid. 

DPPH radical scavenging is considered to be good 
in vitro model widely used to assess antioxidant efficacy 
of single compound as well as for different plant extracts 
within a very short period of time.

Figure 1. DPPH Radical Scavenging Activity of Oci-
mum sanctum (Thulasi) seed and Ascorbic Acid.

The percentage of DPPH scavenging effect increases 
with the concentration of samples as well as in 
standard from 50µg to 350µg/ml. As compared to 50µg 
concentration, 350µg concentration of O. sanctum seed  
(31.5%) and standard ascorbic acid (30.7%) increased 
DPPH radical scavenging activity. Among the sample 
and standard, the methanolic extract of O. sanctum seed 
appeared to have the highest potential for DPPH radical 
scavenging activity as indicated  by its lowest IC50 value. 
The reducing capacity of the extract is associated with the 
probable presence of reductones. Further it was noted 
that these compounds can delay or meliorate chronic 
degenerative diseases [28–30]. 

3.2.2 Nitric Oxide Radical Scavenging Activity 
Nitric oxide reveals abundant physiological properties 

and implicated in several pathological situations [31]. The 
seed of O. sanctum was subjected to nitric oxide radical 
scavenging activity and the results are shown in Table 3 
and Figure 2. Inhibition of nitric oxide radical is also a 
measure of anti-oxidant activity. The antioxidant fractions 
compete with oxygen to react with nitric oxide and hence 
reduction in nitrite ions [32]. The results showed that 
methanolic extracts of O. sanctum seed exhibited the 
nitric oxide scavenging of 83±0.5 per cent  and standard 
ascorbic acid exhibited 92±0.5 per cent scavenging effect 
with the concentration of 350µg/ml. The IC50 value of 
the methanolic extracts of O. sanctum seed and standard 
ascorbic acid in this assay was 94.38µg and 138.88µg/ml 
respectively. 

Table 3. Nitric Oxide Scavenging Activity 
Concentration 

(µg/ml)

Inhibition (I %)

Standard – Ascorbic acid* O. sanctum seed*

50 41±0.8 36±0.5

100 52±0.5 45±0.5

150 61±0.9 53±0.5

200 68±0.5 58±0.5

250 74±0.8 64±0.8

300 85±0.8 77±0.9

350 92±0.5 83±0.5

IC50 value(µg/ml) 94.38 138.88

*Mean ± S.D of three replicates

The extract of O. sanctum seed effectively reduced the 
generation of nitric oxide from decomposition of sodium 
nitro prusside invitro and IC50 value showed nitric oxide 
scavenging activity at the concentration of 138.88μg/ml 



In vitro Antioxidant and Free Radical Scavenging Activities of Methanolic Extract of Ocimum Sanctum Linn. Seed

Vol 2 (1) | January-June 2015 |36 FoodSci:Indian Journal of Research in Food Science and Nutrition

for sample, while the standard vitamin C showed 94.38μg/
ml (Table 3). The methanol extract recorded maximum 
percentage of NO activity of 56% at the concentration 350 
μg/ml.

Figure 2. Nitric Oxide Scavenging Activity of Ocimum 
sanctum (Thulasi) seed and Ascorbic Acid.

3.2.3 Super Oxide Radical Scavenging Activity
Superoxide radical is a key biological cause of reactive 

oxygen species [33]. The seed of O. sanctum was subjected 
to super oxide radical scavenging assay and the results are 
shown in Table 4 and Figure 3. 

Absorbance of the solution increased with increased 
concentration of the sample. The results showed that 
inhibition percentage of methanolic extract of O. 
sanctum seed exhibited 31± 0.9 to 67±0.5 percent and  
standard ascorbic acid exhibited 38±0.9 to 74±0.8 with a 
concentration of 50µg/ml to 350µg/ml. 

Table 4. Super oxide Scavenging Activity

Concentration (µg/ml)
Inhibition (I %)

Standard* O.sanctum seed*

50 38±0.9 31±0.9

100 43±0.5 35±0.9

150 49±0.5 41±1.4

200 55±0.5 46±0.5

250 60±0.5 52±0.5

300 65±0.5 59±0.5

350 74±0.8 67±0.5

IC50 value(µg/ml) 158.32 223.20

*Mean ± S.D of three replicates

The superoxide radical scavenging effect of seed of O. 
sanctum was compared with the same doses of ascorbic 
acid ranging from 50 – 350µg/ml. 

The superoxide radical (SO) scavenging effect 
obtained  for the O. sanctum seed extract results showed 
dose dependent free radical scavenging activity and 
the percentage inhibition is shown in (Figure 3). The 
scavenging activity of  methanolic extract of O. Sanctum 
seed (IC50 223 μg/ml) was compared with the vitamin C 
(158 μg/ml) as standard. The extract of O. Sanctum seed 
in a concentration of 100 μg/ml showed 35% inhibition 
while, in 350 μg/ml concentration the percentage of 
inhibition was noted as 67%. This evidently shows that  
the inhibition activity was dose dependent.

Figure 3. Super oxide Scavenging Activity of Ocimum 
sanctum (Thulasi) seed and Ascorbic Acid.

3.2.4 Hydroxyl Radical Scavenging Activity
Hydroxyl radicals causes peroxidation and enormous 

biological damage. Hydroxyl radical scavenging activity 
of methanolic extract of O. sanctum seed is shown in Table 
5 and Figure 4. The methanolic extract of O. sanctum 
seed (350µg/ml) exhibited 71±0.5% hydroxyl radical 
scavenging activity and standard ascorbic acid exhibited 
76±2.1% hydroxyl radical scavenging activity. The value 
of IC50 of the extract of seed of O. sanctum and standard 
ascorbic acid in this assay was 178.88µg/ml and 92.71µg/
ml respectively.

Hydroxyl radical scavenging activity was quantified 
by measuring the inhibition of the degradation of 2- 
deoxyribose by the free radicals generated by the Fenton 
reaction [34]. In the current research, the IC50 value of 
hydroxyl radical scavenging activity for the O. sanctum 
seed extract was 178.88μg/ml and for ascorbic acid it was 
92.0±71 μg/ml . The strong  antioxidant response of O. 
sanctum seed in comparison with ascorbic acid might be 
helpful in characterizing the significant sources of natural 
antioxidant reaction.
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Figure 4. Hydroxyl Radical Scavenging Activity of 
Ocimum sanctum (Thulasi) seed and Ascorbic Acid

Table 5. Hydroxyl Radical Scavenging Activity

Concentration (µg/ml)
Inhibition (I %)

Standard* Thulasi*
50 46±0.5 35±2.1

100 51±0.8 41±2.2

150 57±0.9 48±1.4

200 62±0.5 52±2.5

250 69±1.2 57±1.2

300 76±2.1 63±2.1
350 85±0.9 71±0.5

IC50 value(µg/ml) 92.71 178.88
*Mean ± S.D of three replicates

3.2.5  Hydrogen Peroxide Radical Scavenging 
Activity

Methanolic extract of O. sanctum seed were screened 
for their possible antioxidant activity by H2O2  scavenging 
assay and the results were shown in Table 5 and Figure 4. 

In H2O2  assay, percentage inhibition in O. sanctum 
seed extract was in range of 37±0.8% to 78±0.5% while 
in standard ascorbic acid it was 42±0.8% to 85±0.8%. The 
IC50 value of O. sanctum seed extract was 139.34µg/ml 
and while it was 94.97 µg/ml in case of standard ascorbic 
acid. The higher antioxidant activity is reflected with 
lower IC50 value.

Table 6. Hydrogen Peroxide Scavenging Activity 

Concentration  (µg/ml)
Inhibition (I%)

Standard* Thulasi* 
50 42±0.8 37±0.8

100 51±0.5 44±1.8
150 59±0.0 53±1.0
200 66±0.3 66±0.6
250 72±0.4 64±0.4
300 80±0.4 71±0.7
350 85±0.5 78±0.9

IC 50 value(µg/ml) 94.97 139.34

*Mean ± S.D of three replicates

The hydrogen peroxide radical scavenging activity 
of methanol extract of O. sanctum seed was compared 
with standard ascorbic acid with different concentration 
ranging from 50-350µg/ml. Inhibition percentage of 
methanol extract of O. sanctum seed exhibited 37±0.8 to 
78±0.9 per cent and  the standard ascorbic acid percentage 
of inhibition was 42±0.8 to 85±0.5 , it is represented in 
Figure 5. The IC50  value of O. sanctum seed extract was 
found to be 139.34µg/ml.

Figure 5. Hydrogen Peroxide Scavenging Activity of 
Ocimum sanctum (Thulasi) seed and Ascorbic Acid.

Hydrogen peroxide is a weak oxidizing agent that can 
cross biological membranes can initiate cytotoxicity than  
chemical reactivity. Hence removing H2O2 is significant  
for  the protecting  living systems [35]. 

In the present study, hydroxyl radical scavenging 
activity of methanolic extracts of seed of O.sanctum and 
standard ascorbic acid showed a dose dependent hydroxyl 
radical scavenging activity. Out of the seven different 
concentrations tested for hydroxyl radical scavenging 
activity, higher concentrations (250 to 350 μg/ml) have 
demonstrated good hydroxyl radical scavenging activity. 
The concentrations 150 and 200μg/ml  showed slightly 
better inhibition than 50 and 100μg concentration.  
O.sanctum seed has recorded 52.56% and standard 
ascorbic acid shows 50.58% increased hydroxyl radical 
scavenging activity at 350 μg/ml concentration along with 
increased inhibition capacity. IC50 values of the extracts 
were more than the standard ascorbic acid.

4. Conclusion

From the study it is evident that the methanolic 
extracts of seeds of O. sanctum have the considerable 
amounts of polyphenols and flavonoids. The added health 
benefits are due to the presence of antioxidants that helps 
to prevent several degenerative diseases.



In vitro Antioxidant and Free Radical Scavenging Activities of Methanolic Extract of Ocimum Sanctum Linn. Seed

Vol 2 (1) | January-June 2015 |38 FoodSci:Indian Journal of Research in Food Science and Nutrition

5. References
1. Verma A. R., Vijayakumar M., Mathela C. S., Rao C.V. “In 

vitro and in vivo antioxidant properties of different frac-
tions of Moring oleifera leaf ”, Food and Chemical Toxicolo-
gy, vol. 47, p. 2196–2201, 2009.

2. Harman D., Free radical theory of aging. Current status, 
Amster-dam, Elsevier, 1998. p. 3–7.

3. Govind P., “Medicinal plants against liver diseases”, IJPR, 
vol. 2, p. 115–121, 2011.

4. Bannerman P. G. C., Mirsky R., Jessen K. R., Timpl R., and 
Duance V. C., “Light microscopic immunolocalization of 
laminin, type IV collagen, nidogen, heparansulfate pro-
teoglycan and fibronectin in the enteric nervous system 
of rat and guinea pig”, Journal of Neurocytology, vol. 15, p. 
432–443, 1986.

5. Zengin G., Aktumsek A., Guler G. O., Cakmak Y. S., and 
Yildiztugay E., “Antioxidant properties of methanolic ex-
tract and fatty acid composition of CentaureaurvilleiDC. 
Subsp. HapekianaWagenitz”, Rec Nat Prod. vol. 5, p. 123–
132, 2011.

6. Jha N. K., Pandey I. K., and Jha A. K., “Ocimum sanctum: 
Tulsi”, Phytopharm, vol. 6, p. 3–18, 2005. 

7. Uma D. P., “Radioprotective, Anticarcinogenic and Anti-
oxidant Properties of the Indian HolyBasil,Ocimum sanc-
tum(Tulasi)”, Ind J Exp Biol. vol. 39, p. 185–190, 2001. 

8. Varier N. V. K. “Ocimumtenuiflorum Linn. InIndian Me-
dicinal Plants: A Compendium of 500 Species”, Collect, vol. 
4, p. 168–196, 1997.

9. Singh S., Majumdar D. K., Rehan H. M., “Evaluation of 
Anti-Inflammatory Potential of Fixed Oil Ocimum sanc-
tum(Holy Basil) and Its Possible Mechanism of Action”, J 
Ethnopharmacol, vol. 54, p. 19–26, 1996.

10. Maulik G., Maulik N., Bhandari V., Kagan V. E., Pakrashi S., 
Das D. K., “Evaluation of Antioxidant Effectiveness of Few 
Herbal Plants”, Free Radic Res, vol. 27, p. 221–228, 1997. 

11. Mediratta P. K., Sharma K. K., Singh S., “Evaluation of Im-
munomodulatory Potential of Ocimum sanctum Seed Oil 
and Its Possible Mechanism of Action”, J Ethnopharmacol, 
vol. 80, p. 15–20, 2002.

12. Sen P., Maiti P. C., Puri S., Ray A., Audulov N. A., Vald-
man A. V., “Mechanism of Antistress Activity of Ocimum 
sanctum Linn, EugenolandTinosporamalabaricain Exper-
imental Animals”, Ind J Exp Biol, vol. 30, p. 592–596, 1992. 

13. Devi P. U., Ganasoundari A., Vrinda B., Srinivasan K. K., 
Unnikrishnan M. K., “Radiation Protection by Ocimum 
Flavonoids Orientin and Vicenin: Mechanism of Action”, 
Radiat Res. vol. 154, p. 455–460, 2000.

14. Aruoma O. I., Halliwell B., Aeschbach R., Loliger J., “An-
tioxidant and Pro-Oxidant Properties of Active Rosemary 
Constituents: Carnosol and CarnosicAcid”, Xenobiotica, 
vol. 22, p. 257–268, 1992. 

15. Baritaux O., Amiot M. J., Richard H., Nicolas J., “Enzy-
matic browning of basil studies on phenolic compounds 
and polyphenoloxidase”, Sciences des Aliments, vol. 11, p. 
49–62, 1991.

16. Chipault J. R., Mizuno G. R., Lundberg W. O., “The antiox-
idant properties of spices in foods”, Food Technology, vol. 
10, p. 209–212, 1956.

17. Patil D. D., Mhaske D. K., Wadhawa G. C., “Antibacterial 
and antioxidant study of Ocimum bailicumLabiatae(sweet 
basil)”,  Journal of Advanced Pharmacy Education and Re-
search, vol. 2, p. 104–112, 2011.

18. Singleton V. L., Rossi Jr J. A., “Colorimetry of total phe-
nolics with phosphomolybdic- phosphotungstic acid re-
agents”, American Society for Enology and Viticulture, vol. 
16(3), p. 144–158, 1965.

19. Rajanandh M. G., and Kavitha J., “Quantitative Estimation 
of β-Sitosterol, Total Phenolic and Flavonoid Compounds 
in the Leaves of MoringaOleifera”, International Journal of 
PharmTech Research, vol. 2(2), p. 1409–1414, 2010.

20. Mensor L.I., Menezes F. S., Leitao G. G., Reis A. S., Dos 
santos T., Coube C. S., Leitao S. G., “Screening of Brazilian 
plants extracts for antioxidants activity by the use of DPPH 
free radical method”, Phytother Res, vol. 15, p. 127–130, 
2001.

21. Green M. J., and Hill H. A. O., Enzymol, vol. 105, 1984.
22. Misra H. P., and Fridovich I., J Biol Chem, vol. 247, p. 3170, 

1972.
23. Elizabeth K., and Rao M. W. A., “Oxygen radical scav-

engingactivity of Curcumin”, Int J Pharmaceu, vol. 58, p. 
237–240, 1990. 

24. Ruch R. T., Cheng S. J., and Klaunig J. E, Methods in enzy-
mology, vol. 105, p. 198–209, 1984.

25. Kähkönen M. P., Hopia A. I., Vuorela H. J., Rauha J. P., Pih-
laja K., Kujala T. S., and Heinonen M. “Antioxidant activity 
of plant extracts containing phenolic compounds”, J Agri 
Food Chem, vol. 47, p. 3954–3962, 1999.

26. Di Carlo G., Mascolo N., Izzo A. A., Capasso F., “Flavo-
noids: old and new aspects of a class of natural therapeutic 
drugs”, Life Sci, vol. 65, p. 337–353, 1999.

27. Bravo L., “Polyphenols: chemistry, dietary sources, metab-
olism and nutritional significance”, Nutr Reviews, vol. 56, 
p. 317–333, 1998.

28. Arouma O. I., Halliwell B., Williamson G., Antioxidant 
Methodology, AOCS Press, IL, USA, 1997. p. 173–204.

29. Kris-Etherton P. M., Hecker K. D., Bonanome A., Cival S. 
M., Binkasi A. E., Hilpert K. F., “Bioactive compounds in 
foods: their role in the prevention of cardiovascular disease 
and cancer”, Am J Med, vol. 113, p. 71s-88s, 2002.

30. Di Malteo V., Esposito E., “Biochemical and therapeutic 
effects of antioxidants in the treatment of Alzheimers dis-
ease, Parkinson disease and amyotrophic lateral sclerosis”, 
Current Drug Target - CNS and Neurological Disorders, vol. 
2, p. 95–107, 2003.

31. Moncada S., Palmer R. M., and Higgs E. A., Pharmacol Rev, 
vol. 43, p. 109–142, 1991. 

32. Wang B. S., Chen J. H., Liang Y. C., Duh P. D., “Effects of 
Welsh onion on oxidation of low density lipoprotein and 
nitric oxide production in macrophage cell line RAW 
264.7”, Food Chem, vol. 91, p. 147, 2005.

33. Joseph N. M., Sabharwal M., Shashi A., Mahor A., and 



K. Kavitha and S. Ponne

Vol 2 (1) | January-June 2015 | 39FoodSci:Indian Journal of Research in Food Science and Nutrition

Rawal S., Int J Pharm Res Sci, vol. 1(1), p. 1–11, 2010.
34. Alves C. Q., David J. M., David J. P., Bahia M. V., and Agu-

iar R. M., “Methods for determination of in vitro antioxi-
dant activity for extracts and organic compounds”, Quími-
ca Nova, vol. 33, p. 2202–2210, 2010.

35. Van W. R., Van W. E. P., Wiegant F. A., Ives J., “Free radicals 
and low-level photon emission in human pathogenesis: 
State of the art”, Indian J ExpBiol, vol. 46, p. 273–309, 2008.


